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abstract 

Isoprene (2-methyl-l,3-butadiene) has been prepared in a state of high purity. 
Physical properties determined on the freshly purified sample were as follows, 
boiling point, 34.076 ± .003° C; change of boiling point with change of pressure: 

-Tp=0.0382° C per millimeter of mercury; freezing point, —146.8 ±.2° C; 

density at 20° C, 0.6805 ±.0001 g/ml; refractive index at 20° C, 1.42160 ±.00005. 
The molecular refraction was calculated to be 25.39. The volume expansivity 
was measured over the entire range of temperature between the freezing point 
and normal boiling point, giving the following equations: 

F=y (l + 1.393X10- 3 i+2.79X10- 6 i 2 ±4.31X10- 9 i 3 -5.60X10- 12 i 4 ) 

P=0.7002-0.9754XlO-^-0.592X10-°i 2 +0.525X10-^ 3 + 9.66X10- 12 ^, 

in which V and p are the volume and density, respectively, at the temperature t, 
and Vq the volume at 0° C. From the Clausius-Clapeyron equation the latent 
heat of vaporization at the normal boiling point was calculated to be 25.9 ±.3 
kj/mole. The refractive index at any temperature from about 0° C to the boiling 
point may be calculated from the equation 

nz)=1.43472-0.656X10-^. 

On standing, the isoprene was found to undergo a transformation, presumably 
oxidation and polymerization, as was indicated by changes in purity, boiling 
point, density, and refractive index. 
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I. INTRODUCTION 

Isoprene (2-methyl-l,3-butadiene) has been for many years a sub- 
stance of very considerable interest in the study of rubber, since it 
has been shown to be the fundamental unit in the constitution of the 
rubber hydrocarbon. Isoprene polymerizes to form a product which 
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is chemically more closely related to natural rubber than any other 
synthetic product [9, 20, 33, 35, 48, 53, 56]. 2 Furthermore, the 
destructive distillation of natural rubber yields as its two major 
products isoprene and dipentene (&7-l-methyl-4-isopropenyl-l-cyelo- 
hexene) in amounts far exceeding those of any other constituents 
[4, 30, 56]. Aside from its relation to rubber, isoprene is of interest 
because it is thought to be the basic substance in the natural synthesis 
of the terpenes and to play an important role in the formation of 
plant cells [3, 8, 13, 49, 50, 54]. 

An investigation of the chemical thermodynamics of rubber now 
in progress at the Cryogenic Laboratory of this Bureau includes a 
study of isoprene and its relationship to rubber. Measurements of 
heat capacity and heat of combustion are at present being made on 
isoprene for the purpose of calculating its entropy. A report covering 
these results is now being prepared. Similar measurements for rubber 
have already been reported [5]. 

Since samples of high purity were desired for this work, care was 
taken in the preparation and purification of the isoprene, and the 
resulting product is thought to represent an improvement in purity 
as compared with isoprene prepared by previous investigators. 
Furthermore, not all workers had realized the importance of working 
with freshly purified samples. Also it is now possible to take ad- 
vantage of recent important improvements in the technique of measur- 
ing physical properties, especially boiling point and related properties. 
In view of the wide divergence of values, for many of the commonly 
measured physical properties, as reported in the literature, it seems 
worth while to report the values here obtained with samples of high 
purity. 

II. PREPARATION AND PURIFICATION OF SAMPLE 

The isoprene was made by the cracking of dipentene vapor by 
means of the "isoprene lamp" method of Harries and Gottlob [22] as 
modified by Whitby and Crozier [55]. About 5.5 liters of crude 
isoprene was prepared which had a yellow color and possessed a sharp 
odor. It was then subjected to successive distillations. The vacuum- 
jacketed column used was about 140 cm in height and included 40 
bulbs with ball valves and side tubes, according to the design of 
Swi^toslawski [39, 40]. The column head included a dephlegmator 
and condenser with take-off so arranged that the reflux ratio could be 
adjusted by means of drop-counters. For the isoprene distillation a 
15 to 1 ratio was generally maintained. Temperature changes were 
read to the nearest 0.001° C by means of a Beckmann-Swi^toslawski 
mercury thermometer [41] immersed in a mercury well surrounded by 
vapor rising from the dephlegmator. Corrections in the distilling 
temperature of the isoprene were made for changes in barometric 
pressure by simultaneous observations of the boiling point of pure 
water in a barometric ebulliometer. 

Three successive distillations were made, with a reduction of charge 
in each case to include only the most nearly constant-boiling part of 
the previous distillation. Isoprene was evidently present in far 
greater amounts than any other substance. 'The impurities were 

2 The numbers in brackets here and elsewhere in the text refer to the numbered references at the end of 
this paper. 
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very largely materials of boiling points lower than that of isoprene, 
some of them condensing only at the temperature of solid carbon 
dioxide. In the early fractions of the first distillation, water was 
distilled over in small amounts as a separate phase. When the first 
distillation was continued above the boiling point of isoprene, no 
significant approach to constancy of boiling point was obtained below 
176° C, the approximate boiling point of dipentene. It was therefore 
concluded that the cracking process had yielded practically no sub- 
stances with boiling points between those of isoprene and dipentene, 
and. that the crude isoprene had contained some unchanged dipentene. 
The third and final distillation yielded 200 ml of a product distilling 
within a range of 0.01° C. The sample was colorless and possessed 
only a slight odor. This fraction was thoroughly mixed and different 
portions were used immediately in the determination of physical 
properties, several measurements being performed simultaneously. 

III. PHYSICAL PROPERTIES 

A number of previous observers have noted that isoprene on stand- 
ing for months or years at room temperature under atmospheric 
conditions will oxidize and polymerize [1, 11, 12, 26, 44, 55]. For 
this reason the physical properties here reported were determined as 
soon as possible after the final distillation. With the exception of 
the freezing point and expansivity, all measurements were made 
within 5 hours after the end of the final distillation. The sample used 
in the freezing-point determination had been kept in a refrigerator at 
about 8° C for 2 days, while that used in determining the expansion 
was several weeks old. 

The expansivity, however, is thought to change only slightly with 
change in purity. In order to obtain some idea of the rate of poly- 
merization, a sample which had been kept at 8° C for 2 months was 
distilled, and a solid residue amounting to less than 0.5 percent of 
the weight of the sample was obtained. 

1. DEGREE OF PURITY 

Swi^toslawski [42] has set up for comparative purposes an arbitrary 
scale for the degree of purity of liquids. This scale is based on the 
measurement of At, the difference between the temperature of the 
boiling liquid and the temperature of the condensing vapor as deter- 
mined in a differential ebulliometer of standard dimensions. For a 
pure substance At is zero, and increases with increased concentration 
of impurities. 

The freshly prepared sample of isoprene from the third distillation 
was found to have a At of 0.002° C. This value falls within the limits 
of the fifth or highest degree on the purity scale (range from 0.000 to 
0.005° C). A sample of isoprene from the previous distillation was 
found to have a At of 0.006° C. Its purity then was of the fourth 
degree (range from 0.005 to 0.020° C). This sample was left in the 
ebulliometer at room temperature for 2 weeks. At the end of this 
time its At value had increased to 0.028° C, and its purity had decreased 
to the third degree (range from 0.020 to 0.050° C). This increase 
in At is direct confirmation of the expected decrease in purity brought 
about by oxidation and polymerization of the isoprene. Changes with 
time in other physical properties as mentioned below are other evi- 
dences of change in the material. 
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2. BOILING POINT AND ITS RELATION TO PRESSURE 

The normal boiling point of isoprene was determined in the ebul- 
liometer used for the purity determination, following the compara- 
tive method of SwiQtoslawski [43]. According to this procedure a 
second ebulliometer containing pure boiling water is connected, 
together with the first ebulliometer, to a closed system in which the 
pressure can be adjusted. Determinations of the boiling point, by 
observing the temperature of the boiling liquid in equilibrium with 
the vapor, were made for both liquids under at least three different 
pressures, including values both above and below 760 mm of mer- 
cury. The temperatures were measured with a Mueller [31] type 
of Wheatstone bridge and a resistance thermometer designed for 
precise temperature measurements [29], and calibrated in accordance 
with the procedure for the International Temperature Scale [10]. 

In order to obtain the normal boiling point of isoprene from the 
observations it was merely necessary to find the boiling point of iso- 
prene under the pressure at which the boiling point of water would be 
exactly 100° C, since that pressure is exactly 760 mm by definition of 
the temperature scale. This procedure avoids the loss of precision 
inherent in the corrections to be applied to the readings of a mercury 
barometer. 

For a sufficiently small range of pressures near the normal boiling 
points the relation between t s , the boiling point of an organic sub- 
stance, and t w , the boiling point of water under the same pressure, 
can be represented by a function of the second degree; hence its 

derivative, -rp changes linearly with change of pressure when this 
at w 

pressure is defined by the boiling point of water [58]. It was found 

that the quotient of finite increments, -rr 1 , evaluated at the midpoints 

of several small intervals, changed only about 0.2 percent for a 2° C 

change of t w . The ratios -r— were evaluated at the midpoints between 

t r w and t w , and t" w and t w , respectively; t w being a measurement 
close to 760 mm pressure, t' w below, and t" w above this pressure. 

The derivative -^ at 100.000° C was obtained by interpolation. 

These values are given in table 1. The normal boiling point, t B , is 
then calculated [57] from the observed values of t s and t w by the 
equation 

**=* S +^(100.000-Q 

The estimated probable error in the normal boiling point, 34.076° C, 
based on three determinations of this kind, is ±0.003° C. 
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Table 1. — Degree of purity, boiling point, and change o} boiling point with change 
of pressure for several samples of isoprene 



At* 


Degree of purity 


dU* 

dt w 


Boiling 

point of 

water 


Up). 


Normal 
boiling 
point of 
isoprene 
sample 


°G 
0.028 
.OOC 

.002 


Third 




°0 


°C/mm 
0.0383 


°C 
34. 124 
34. 102 

34. 076 


Fourth 






Fifth . . 


[d 1.0367 
\ t 1. 0359 
I »» 1. 0338 


e 100. 720 
g 100. 000 

i 97. 988 


| . 0382 





a Difference between the boiling temperature of isoprene and its condensation temperature in a differen- 
tial ebulliometer of standard dimensions. 

* Ratio of the change in boiling point of isoprene to that of water for the same change in pressure. 

Change of boiling point of isoprene per millimeter change of pressure at 760 mm. 
d At midpoint between U and t\. 

• r w +t w 

2 
' Interpolated value. 
« Defining 760 mm pressure. 
»» At midpoint between t' t and U. 

1 t' V +tu> 



The value of -to the change of boiling point of isoprene with 
change of pressure at 760 mm of mercury, was obtained by multi- 
plying the value of the derivative -tj 1 at 760 mm by 0.369, which is 

Cllto 

the value in degrees per millimeter for the change of boiling point of 
water at 760 mm [32]. The value for isoprene was thus found to be 
0.0382° C per millimeter of mercury. 

Table 1 also shows the data and results of these determinations. 
For the purpose of comparison some values are also given for samples 

of lower purity. Higher boiling points and larger values of jp are 

characteristic of less pure samples. 

3. FREEZING POINT 

The freezing point of isoprene was measured in accordance with the 
procedure of Mair [28], using apparatus essentially similar to that 
described by him. 

The isoprene was contained in a double-walled glass tube, the inner 
space between the walls being evacuated. Temperatures were meas- 
ured with the same platinum resistance thermometer used for the 
boiling-point determination. Mechanical stirring with a spiral wire 
surrounding the thermometer and operated by an electric motor was 
continued throughout the determination. 

The data for the freezing- and melting-point determinations are 
plotted in figure 1 . The freezing point, determined as the temperature 
of the intersection of the freezing curve with the normal cooling curve, 
agrees with the melting point determined in a similar manner from 
the melting and the normal warming curves. The estimated error 
in the value —146.8° C is thought not to exceed ±.2° C. The 
variation obtained in repeated observations on a single sample was 
considerably less than 0.2° C but was of this order between different 
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samples. Preliminaiy results of somewhat less precise melting-point 
determinations made in the course of heat-capacity measurements on 
a different sample using quite different apparatus and technique gave 
a value of -146.6° C. 
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Figure 1. — Temperature measurements made on an isoprene sample passing 
through the liquid-solid transition, both cooling and warming. 



4. VOLUME EXPANSIVITY 

The volume expansivity, or temperature coefficient of volume 
expansion,-p-^r-; in which Fis the volume at the centigrade tempera- 
ture t } was determined by dilatometer measurements extending from 
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Figure 2. — Relation between the volume expansivity, 7^—77-' °f liquid isoprene and 

temperature. 

temperatures near the freezing point almost to the boiling point. The 
dilatometer, made of low-expansivity glass, had a bulb with a volume 
of 22.31 ml capacity, joined to a capillary about 40 cm in length with 
an average volume of 0.02276 ml per centimeter. A temperature 
range of about 20° C was covered in each run. For each run there 
was plotted a graph of the height of the liquid in the capillary as a 
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function of the temperature. The temperature range was so small 
that no significant deviations from linearity over a single run could be 
observed. From the slope of the graph and the dilatometer dimen- 
sions the expansivity at the mean temperature of each run was calcu- 
lated. These values have been plotted in figure 2, each point repre- 
senting a separate run. 

Four terms were necessary in a power series in order to express the 
expansivity to within 1 percent over the whole range of temperature, 
as given in the following equation: 

4f^= -^t=1.393 X 10" 3 +3.63 X 1(T 6 *+5.35X 10~ 9 r 2 -38.8X 10~ 12 * 3 
V at pat 

For temperatures above —100° C this equation yields values agreeing 
with the observed expansivity to better than 0.5 percent. An inte- 
gration of the preceding equation, together with the expansion of an 
exponential, leads to the following equation: 

17=y (l + 1.393X10- 3 ^+2.79X10-^ 2 +4.31X10- 9 f-5.60X10- 12 ^) 
in which V is the volume at 0° C. 

5. DENSITY 

The density of a sample of the purest isoprene was determined by 
E. R. Smith of this Bureau, using a quartz picnometer of a type pre- 
viously described [36, 51]. The temperature was thermostatically 
controlled at 20.00 ±.02° C. Since the picnometer had a capillary of 
about 0.1 mm diameter and was closed with a ground-glass joint, the 
evaporation correction, made by extrapolation of the observed change 
of weight with time, was very small. The value actually obtained for 
the density was 0.68053 g/ml. In view of the uncertainties caused by 
the change of the material with time, as noted below, the value is 
rounded off and reported as 0.6805 ±.0001 g/ml. From the density 
of the isoprene at 20° C and the expansivity data, the following equa- 
tion may be derived for the density, p, of liquid isoprene at any tem- 
perature, t: 

p=0.7002-0.9754XlO- 3 ^-0.592xlO-V+0.525XlO- 9 i: 3 + 9.66XlO- 12 ^ 

After storage for 24 hours at 8° C the value obtained for the same 
sample at the same temperature had risen from 0.6805 to 0.6808 
g/ml. Values on the two succeeding days were 0.6814 and 0.6819 
g/ml, respectively. This continuous rise in density is further evidence 
of the change brought about by oxidation and polymerization. 

6. CALCULATION OF HEAT OF VAPORIZATION 

The Clausius-Clapeyron equation can be used for the calculation of 
the latent heat of vaporization of isoprene when the previously deter- 
mined constants are used together with the specific volume of the 
vapor at the boiling point. Measurements of the specific volume have 
not been made, but an approximate value can be calculated. Normal 
pentane and isopentane are the liquids most similar to isoprene for 
which data on critical temperatures and pressures are available. For 
each of these at the boiling point the "reduced temperature" [27], 
or ratio of temperature to critical temperature, is about 0.65. Also 
for each of these at the normal boiling point the "reduced pressure", 
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or ratio of pressure to critical pressure, is about 0.030. Since there is 
very little difference in the "reduced" states at the boiling point for 
similar organic compounds, these may be presumed to be the approx- 
imate values for isoprene at its boiling point. 

Lewis [27] has recently published graphs, applicable to any hydro- 
carbon with more than three carbon atoms per molecule, which yield 
as a function of the "reduced" states the value of /x, defined as PV/RT, 
in which P and V are respectively the pressure and volume of 1 mole 
of vapor, R is the universal gas constant, and T the absolute temper- 
ature. For the above values of the "reduced" temperature and pres- 
sure, Lewis' graph indicates a value of 0.96 for /x. In other words, at 
the boiling point the specific volume of isoprene vapor is 96 percent 
of the specific volume of an ideal gas of the same molecular weight and 
at the same temperature and pressure. (Direct observations on 
n-pentane and isopentane at their boiling points, yield values of /z 
within 1 percent of 0.96.) The specific volume of an ideal gas of the 
same molecular weight as isoprene at 34.076° C and under a pressure 
of 760 mm is 371 ml/g. The specific volume of isoprene vapor under 
the same conditions is therefore 356 ml/g. 

In the Clausius-Clapeyron equation 

T(V-V l ) 



L- 



&t_ 
dP 



L is the latent heat of vaporization of 1 g of liquid; T, the boiling 
point, 307.2° K; V 9 , the specific volume of the vapor, 356 ml/g; 
V h the specific volume of the liquid calculated from the previous 

values for density and expansivity, 1.5 ml/g; and jp> the rate of change 

of boiling point with change of pressure as previously measured, 
0.0382° C per millimeter (or 28.7 X10" 6 °C per dyne/cm 2 ). The 
latent heat of vaporization of isoprene at the normal boiling point is 
thus calculated to be 380 j/g (90.8 cal/g) or 25.9 kj/mole (6.17 
kcal/mole). Because of the uncertainty in the value of the specific 
volume of the vapor the estimated probable error in the calculation 
is ±1 percent. 

The Bingham-Nernst modification [6] of Trouton's rule is 

|?=i7+o.onr B , 

in which L m is the molal latent heat of vaporization in calories, and 
T B the absolute temperature of the boiling point. The right-hand 
member of the equation has the value 20.4, and the left-hand member 
20.1. The rule in this form appears to be valid for isoprene within the 
limits of precision of determination of the heat of vaporization. This 
is taken as evidence that isoprene in the liquid form is not associated. 

7. REFRACTIVE INDEX AND MOLECULAR REFRACTION 

Measurements of refractive index at temperatures from 9 to 30° C 
were made with a water-jacketed Abbe refractometer (Valentine 
model) calibrated with distilled water. The values obtained are 
plotted in figure 3, from which the refractive index at 20° C is found to 
be 1.42160 ±.00005, and the change with change in temperature 
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—0.656X10 3 per degree centigrade. Therefore, the index of refrac- 
tion, n D , at temperature, t, is 

72,z)=1.43472-0.656X10- 3 £. 
This equation is applicable for liquid isoprene at least over the range 
from 9 to 30° C and probably over a wider range. The refractive 
indices of fractions boiling both below and immediately above the 
purest isoprene were lower than that of the isoprene. The property 
is, however, not sensitive to very small amounts of impurities having 
boiling points near that of isoprene, since the third distillation, which 
lowered At from 0.006 to 0.002° C, raised the refractive! index only by 
about 0.00001. - : 

H Oxidation and polymerization of the isoprene on standing, however, 
brought" about progressive increases injrefr active index. || For the first 
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Figure 3. — Relation between the refractive index of isoprene and temperature. 

few days the daily changes were of the order of 0.0002. Later the rate 
of increase became considerably less, and rather variable. At the end 
of 2 months the total increase was about 0.00450, and the material 
had become so lacking in homogeneity that further measurements 
were impossible. 

The molecular refraction is often calculated by summing up the 
refractions of the individual atoms and adding a certain quantity for 
the "exaltation" due to double bonds or other special features of the 
structure. In the present case, however, no precise calculation is 
possible because the exaltation due to the conjugated double bond 
varies considerably from one compound to another. From the 
Lorenz-Lorentz formula, using the refractive index and density values 
as determined in this investigation, the molecular refraction is com- 
puted to be 25.39. By taking this value for the molecular refraction, 
and 2.490 and 1.066 for the atomic refractions of carbon and hydrogen, 
respectively, as reported by Swi^toslawski [38], the exaltation due to 
the conjugated system in isoprene is 4.41. This is not greatly different 
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from 4.32 for the conjugated system in 2,3-dimethyl-l,3-butadiene 
and 3.98 for chloroprene (2-chloro-l,3-butadiene). 

The molecular refraction is commonly thought to be practically 
independent of temperature over moderate ranges. If this is true, 
differentiating the Lorenz-Lorentz equation gives in the resulting 
equation a relation between the change of refractive index with 
change of temperature and the expansivity. 

dn = (n 2 +2)(n 2 -l)f dV\ 
dt Qn \ VdiJ 

At 20° C the observed expansivity is 1.467 X10~ 3 per degree centi- 
grade and the observed refractive index is 1.42160. These quantities 
yield a numerical value of 0.705 X10™ 3 for the right-hand member of 
the above equation. This is to be compared with 0.656 X10~ 3 , the 
directly observed value of the left-hand member. This agreement 
is only fair, but it is of interest to note that both values are con- 
siderably higher than those given for most organic liquids, for which 
the average is about 0.45 X10~ 3 . 

IV. COMPARISON WITH PREVIOUS INVESTIGATIONS 

The boiling point, density, and refractive index of isoprene have been 
determined by many investigators, and the more significant results 
are given in table 2. For the purpose of comparison, the boiling 
points have been converted, wherever possible, to those at 760 mm 
pressure. Also the original values of density and refractive index have 
been converted to those at 20° C. 

Table 2. — Comparison of the data of various investigators on some physical properties 

of isoprene 



Observers 


Year 


Refer- 
ence 

num- 
ber 


Boiling point 
at 760 mm 


Density 

at 20° 

C 


Refrac- 
tive in- 
dex at 
20° C 


Freezing 
point 


Williams 


1860 

1882 
1886 
1S93 
1894 

1895 

1897 
1897 
1906 
1911 

1911 

1913 

1913 
1914 
1914 
1915 
1916 

1916 
1929 
1930 
1931 
1931 
1932 
1936 


T5fil 


°C 
37 to 38° 


g/ml 
0. 6811 




°C 


Tilden - 




[47] 
18] 
45 
urn 


34 to 35« 






Gladstone 6 - _ 




.6681 
.6714 


1. 4028 






35.5to36.1 a 

35.5 to 37.0° 












[34] 
[24] 
[16] 
[7] 
[22] 

[21] 


/36 


.6717 
.6696 
.6722 






Perkin 


\36to37 










Ipatiew c 


32 to 33° 


1. 40646 




Euler . . 


33 to 39° 




Blaise and Courtot 


36° 








Harries and Gottlob 


35 to 37° 










[30 to 37° 


.676 

.6800 

.6803 

.6803 

.6803 

.6832 

.6760 

.6811 


1. 41205 
1. 42333 
1. 42019 
1. 42207 




Harries 


{36 to 37° 






[35.5 to 36.0» 

34.5 to 35.0 




Lebedew and Skawronski 




r26] 

25] 
19] 
r 371 




Kucherov . . 




Harries 


33.7 to 33.9 

33.5 to 34.0° 

34.1 to 34.6 


1. 42387 




Steimmig 




Aschan 


[2] 
[15] 

[14] 

[52] 
[11] 
[23] 
[17] 
[55] 


1. 41540 




Enklaar 


"About 


Enklaar 


33.9 to 34.4 

34.4 to 34.9 

36 to 38° 


.6809 
.6806 
.68 


1. 41786 
1. 4194 


-120 °C" 


Waterman and van Western. 




Conant and Tougberg __. 




Heisig 


33.7 to 34.1 






Farmer and Warren 


34.4 to 35.8 

34.0 to 34.5. 


.6828 


1. 42093 




Whitby and Crozier 




Bekkedahl, Wood, and WojciechowskL 


34.076. 


.6805 


1. 42160 


-146.8 











« Atmospheric pressure not recorded. 

b Measurements made by Harries. See reference [21]. 

c Sample of isoprene obtained from Tilden. 
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Because of inadequate knowledge of the purity of the samples of 
previous workers it is difficult to make a critical evaluation of the 
importance of their measurements. Incomplete removal of low-boiling 
impurities would be likely to lead to low values of the boiling point, 
density, and refractive index; oxidation and polymerization, on the 
other hand, to lead to high values. Almost all previous determina- 
tions of the boiling point have been observations of the range of 
temperature during distillation, and the values obtained depend 
greatly on the rate of distillation as well as the purity of the substance 
distilled, and give in most cases the condensation temperature. With 
such a low-boiling liquid superheating of the vapor is very probable, 
except in apparatus especially designed to avoid it. 

The only freezing point determination recorded in the literature 
appears to be that of Enklaar [15], who made visual observations of a 
small sample attached to a pentane thermometer. The resulting value, 
given as "about —120° C", is considerably higher than that here 
obtained. Enklaar was unable to observe any distinct melting point. 

The thermal expansion of isoprene was measured b}^ Thorpe and 
Jones [45] in 1893 over a range of temperature from to 32.6° C. 
The volume relation is given as F=F (1 + 1.4603 X10" 3 ^+0.99793X 
10-V+56.0149X 10-V). The coefficient of t is about 4 percent higher 
than the value here reported. The other coefficients show little corre- 
lation, probably because of the difference in the ranges of temperature 
involved. 

Parkin [34] determined densities of his isoprene samples at various 
temperatures from 4 to 25° C. Prom these values an expansivity of 
1 .43 X 10~ 3 is obtained for a temperature of 12° C. This is in very good 
agreement with the value 1.437 for the same temperature as calculated 
from the equation determined in this investigation. 
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